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Acute kidney injury (AKI) following cardiac surgery (AKICS) is
associated with increased postoperative (post-op) morbidity
and mortality. A prognostic score system for AKI would help
anticipate patient (pt) treatment. To develop a predictive
score (AKICS) for AKI following cardiac surgery, we used a
broad definition of AKI, which included perioperative
variables. Six hundred three pts undergoing cardiac surgery
were prospectively evaluated for AKI defined as serum
creatinine above 2.0 mg/dl or an increase of 50% above
baseline value. Univariate and multivariate analyses were
used to evaluate pre-, intra-, and post-op parameters
associated with AKI. The AKICS scoring system was
prospectively validated in a new data set of 215 pts with an
incidence of AKI of 14%. Variables included in the AKICS
score were age greater than 65, pre-op creatinine above
1.2 mg/dl, pre-op capillary glucose above 140 mg/dl, heart
failure, combined surgeries, cardiopulmonary bypass time
above 2 h, low cardiac output, and low central venous
pressure. The AKICS score presented good calibration and
discrimination in both the study group and validation data
set. The AKICS system that we developed, which incorporates
five risk categories, accurately predicts AKI following cardiac
surgery.
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The incidence of AKICS ranges from 5 to 20% according to
the chosen definition of AKI.1–4 Prevention of AKI post-
cardiac surgery is important, since even after adjustment for
comorbidities and complications of the surgical procedure,
presence of AKI requiring dialysis increases the risk of death
7.9 times in these patients (pts).5 Moreover, it has been
shown that changes greater than 0.5 mg/dl in serum
creatinine (Cr) after heart surgery also contribute for a
significant mortality increase at 30 days post surgery.6
Several clinical procedures to minimize the impact of AKI
after heart surgery have been reported.7–9 However, none of
them was able to attenuate this severe complication, probably
because of the late approach of these pts. Experimental AKI
models suggest that successful therapy should be implemen-
ted within 24–48 h after renal injury induction.10 The
inability to predict the onset of renal dysfunction is one of
the major difficulties in translating AKI experimental models
to clinical practice. Pt care may be improved by using specific
risk prognostic scores for AKI after open-heart surgery
capable of accurately identify pts with higher risk to develop
this serious complication.
Use of specific risk stratification algorithms and prog-
nostic scores for the development of AKI after heart surgery
has been reported.1,11,12 AKI risk assessment post-cardiac
surgery was first carried out with the development of
preoperative (pre-op) risk stratification algorithm, which
establishes the risk of developing AKI requiring dialysis after
surgery, with a good performance in a prospective validation
outside the original institution.1,13 However, some authors
consider the early post-op period as the best time to apply a
cardiac surgery specific score, because of the influence of
intraoperative (intra-op) variables in the clinical course of
these pts. A prognostic score including variables from the
pre-op, intra-op, and early post-op periods was developed to
calculate the risk of morbidity and mortality after heart
surgery.11 In this study, AKI was defined as oliguria and/or
need of dialysis, and included as morbidity criteria along
with low cardiac output, prolonged ventilatory support, and
neurological complications. Recently, two specific prognostic
scores were developed for AKI requiring dialysis post-cardiac
surgery, both scores demonstrated good performance in the
original sample.12,14 However, these models were not
prospectively validated in other centers. Since the incidence
of dialytic AKICS is approximately 1–2%,1,15 use of
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prognostic scores to identify pts requiring dialysis support in
the post-op period will identify a small number of pts,
leaving unrecognized an important group of pts with non-
dialytic AKI. In addition, it is well known that even mild
glomerular filtration changes in the post-op period of cardiac
surgery may have an important impact on long-term
mortality.6 On the other hand, development of prognostic
scores with AKI definition based on mild serum Cr variations
allows the identification of larger number of pts with AKI
after heart surgery, which may improve individual pts care
and facilitate the design of sufficiently powered clinical trials.
The objective of the present study was to develop and
prospectively validate a specific prognostic score for AKI
following cardiac surgery, including variables from pre-op,
intra-op, and early post-op periods that could easily and
accurately identify high-risk pts for the development of this
complication.
RESULTS
Six hundred and three pts undergoing elective coronary
artery bypass graft surgery (CABG), valve surgery, or both
were evaluated. Pts’ mean age was 60.1712.8 years, mean
body mass index was 26.274.5, mean Higgins score was
8.370.2, with a prevalence of males (62%) and white (88%).
Most common comorbidities included arterial hypertension
(82%) and diabetes (28%), with mean pre-op capillary
glucose of 12773.2 mg/dl. Most pts (70%) presented left
ventricular ejection fraction (LVEF) greater than 0.5 and pts
mean baseline pre-op. Cr and ClCr were 1.1 mg/dl and
68.5 ml/min, respectively. Cardiopulmonary bypass (CPB)
was utilized in 78%, and CPB mean time was 101.571.7 min.
At admission to the Intensive Care Unit (ICU), mean arterial
serum bicarbonate was 20.870.2 meq/l and central venous
pressure (CVP) was 12.770.1 cm H2O. The most frequent
cardiac surgery was CABG (53%), followed by valve surgery
(25.2%) and combined surgeries (22.8%) (Table 1).
The incidence of AKI was 11% (n¼ 66), 82% (n¼ 55) of
which did not require dialysis and 18% (n¼ 11) presented
dialytic AKI. Overall mortality was 6% (n¼ 37), while for
AKI pts, mortality rate was 39% (n¼ 26). For those AKI pts
who required dialysis, mortality strikingly increased to 82%
(n¼ 9).
Significant risk factors for development of AKI at
univariate analysis were the following: pre-op variables-
age, capillary glucose4140 mg/dl, LVEF o0.5, chronic heart
failure New York Heart Association (CHF NYHA)42,
combined surgery, Cr41.2 mg/dl, and ClCr o60 ml/min;
Intra-op variables-hemorrhage, CPB time4120 min and
early post-op variables-CVP414 cm H2O, use of intra-aortic
balloon pump, low cardiac output, and arterial bicarbonate
o17 meq/l (Table 2).
Variables selected for the logistic regression model and
inclusion in the final prognostic score were the following: age,
combined surgery, CPB time4120 min, CVP414 cm H2O,
low cardiac output, CHF NYHA42, pre-op capillary
glucose4140 mg/dl, and Cr41.2 mg/dl (Table 3).
Risk factors included for calculation of the predictive risk for
the development of AKI in the post-op period of cardiac
surgery for the AKICS score are presented on Table 4. Risk of
AKI is calculated according to the final score, ranging from a
minimum of 0 to a maximum of 20 points.
The five risk categories established according to severity
(scores 0–4, 4.1–8, 8.1–12, 12.1–16 and 16.1–20) were
associated with risk of developing AKI of 1.5, 4.3, 9.1, 21.8,
and 62.5%, respectively (Table 5). The number of AKI cases
in each risk category was the following: 1, 3, 4, 13, and 45
(Table 6).
AKICS score presented good performance in the calibra-
tion analysis using Hosmer–Lemeshow’s goodness-of-fit test
with non-significant difference between the predicted and
observed risk in all ranges for the development of AKICS
(Figure 1).
Table 1 | Clinical and demographic characteristics and
comorbidities of developing data set
(n) (%)
Males 374 62
White 535 88.7
Black 45 7.5
Asian 23 3.8
Clinical characteristics
Preoperative
CHF NYHAo2 399 66.1
CHF NYHA42 204 33.8
LVEF40.5 428 71
LVEFo0.5 174 28.9
Coronary cineangiography
Less than two coronary arteries with stenosis450% 276 45
More than two coronary arteries with stenosis450% 327 53
Intraoperative
Hemorrhage 211 35
Fluid balance43000 ml 355 58.9
Early postoperative
Use of IABP 35 5.8
Low cardiac output 259 43
Comorbidities
Hypertension 500 82.9
Diabetes 169 28
Previous stroke 28 4.6
Peripheral vascular disease 27 4.5
Carotid murmur 49 8.1
Previous myocardial revascularization 31 5.1
Previous valve surgery 98 16.3
Surgery type
CABG only 319 53
Aortic valve surgery only 76 12.6
Mitral valve surgery only 76 12.6
CABG plus aortic or mitral valve surgery 61 10
Aortic plus mitral valve surgery 71 11.8
CABG, coronary artery bypass grafting; CHF, chronic heart failure; IABP, intra-aortic
balloon pump; LVEF, left ventricular ejection fraction; NYHA, New York Heart
Association.
Values expressed as frequency (n) and percentage (%).
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Discrimination of AKICS score in the developing
sample (n¼ 603) was evaluated by analysis of the area under
the receiving operating characteristic (ROC) curve, with an
area under the curve (AUC) of 0.843 (s.d.70.27 and 95%
confidence interval 0.78–0.89) (Figure 2). AKICS score
showed a better performance in the analysis of ROC curve
(0.84370.02 vs 0.7070.03, P¼ 0.0023) compared with
Higgins score.
Higgins score was calculated in the developing sample
with an absolute value of 1276.7 in pts with AKI and
7.374.5 in the group without AKI (P¼ 0.0001). Discrimina-
tion of Higgins score was reasonable with an AUC ROC of
0.70 (s.d.70.03 and 95% confidence interval 0.62–0.76;
Figure 3).
Score validation
AKICS score was prospectively validated in a new data set of
215 pts recruited by the same observer and institution.
Incidence of AKI was 14% (n¼ 30). Non-dialysis AKI
occurred in 60% of pts (n¼ 18), while dialysis was required
in 40% (n¼ 12). Pts mean age was 60.9713 years old, mean
body mass index 26.174.1, mean pre-op Cr 1.0970.38 mg/
dl, mean pre-op ClCr 71.06728.20 ml/min, mean pre-op
capillary glucose 138.31788.20 mg/dl, mean CPB time of
96731.6 min, and mean Higgins score 5.574.6. At admis-
sion to the ICU, mean arterial bicarbonate and CVP were
21.273 meq/l and 13.374.2 cm H2O, respectively. The most
frequent cardiac surgery was also isolated CABG (49.7%),
followed by isolated valve surgery (27%) and combined
surgeries (23.3%). Other clinical and demographic para-
meters are shown on Table 7.
Calibration analysis according to Hosmer–Lemeshow
goodness-of-fit test also did not demonstrate significant
difference in all ranges of risk (Figure 4). The number of AKI
cases in each risk category was: 1, 1, 5, 8, and 15, respectively
(Table 8). AKICS score presented again a good discrimination
in this new data set, with an AUC ROC of 0.847 (s.d.70.27
and 95% confidence interval 0.79–0.90) (Figure 5).
Table 2 | Univariate analysis of risk factors for the development of AKI
Without AKI AKI P OR 95% CI
Preoperative
Age465 years old 187 (34.4%) 33 (55%) 0.002 2.32 1.35–3.98
Females 210 (39%) 18 (27.2%) 0.05 1.77 0.97–3.22
Males 327 (61%) 48 (72.8%) 0.05
Hypertension 451 (83.1%) 49 (81.7%) 0.786 0.9 0.45–1.81
Diabetes 148 (27.3%) 21 (35%) 0.2 1.43 0.81–2.52
Stroke 25 (4.6%) 3 (5%) 0.89 1.09 0.31–3.72
Pre-op capillary glucose4140 mg/dl 112 (20.6%) 23 (38.3%) 0.0001 2.39 1.36–4.19
LVEFo0.5 141 (26.1%) 33 (55%) 0.0001 3.45 2–5.94
CHF NYHA42 177 (32.6%) 27 (45%) 0.0001 6.11 2.18–17.13
Previous MR 25 (4.6%) 6 (10%) 0.07 2.3 0.9–5.85
Previous valve 87 (16%) 11 (18.3%) 0.64 1.17 0.58–2.35
CABG only 293 (92%) 26 (8%)
Valve surgery only 136 (89.4%) 16 (10.6%)
Combined surgery 99 (75%) 33 (25%) 0.0019 3.19 1.62–6.25
Pre-op Cr41.2 mg/dl 115 (21.1%) 34 (56.6%) 0.0001 4.86 2.8–8.44
Pre-op CrClo60 ml/min 133 (24.4%) 31 (51.6%) 0.0001 3.29 1.91–5.67
Intraoperative
Fluid balance43000 ml 325 (59.8%) 30 (50%) 0.14 0.67 0.39–1.14
CPB time4120 min. 115 (21.1%) 24 (40%) 0.002 2.26 1–5.1
Hemorrhage 174 (32.3%) 37 (61.6%) 0.0001 3.36 1.94–5.83
Early postoperative
Arterial bicarbonateo17 meq/l 35 (6.4%) 11 (18.3%) 0.001 3.25 1.55–6.81
CVP414 cm H2O 198 (36.4%) 32 (53.3%) 0.01 1.99 1.16–3.40
Low cardiac output 216 (40.1%) 43 (61.6%) 0.0001 3.77 2.09–6.79
AKI, acute kidney injury; CABG, coronary artery bypass grafting; CHF, chronic heart failure; CI, confidence interval; CPB, cardiopulmonary bypass; Cr, serum creatinine; CrCl,
creatinine clearance; CVP, central venous pressure; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association; OR, odds ratio; Pre-op, pre-operative.
Values expressed as frequency (n) and percentage (%).
Table 3 | Multivariate analysis of risk factors for the
development of AKI
OR 95% CI
Preoperative
Age465 years old 1.89 1.18–3.01
Cr41.2 mg/dl 1.83 1.09–3.08
Capillary glucose4140 mg/dl 1.72 1.07–2.18
CHF NYHA42 3.26 2.01–5.26
Combined surgery 3.37 1.61–7.05
Intraoperative
CPB time4120 min. 2.46 1.71–3.56
POi
Low cardiac output 1.62 1.09–2.40
CVP414 cm H2O 1.92 1.22–3.03
AKI, acute kidney injury; CHF, chronic heart failure; CI, confidence interval; CPB,
cardiopulmonary bypass; Cr, serum creatinine; CVP, central venous pressure; NYHA,
New York Heart Association; OR, odds ratio.
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DISCUSSION
The incidence of AKI post-cardiac surgery in our study was
11%, which is consistent with literature data, ranging from 5
to 20%, according to the definition of AKI.1–3,16 Overall
mortality was 6%, while for AKI pts, mortality rate was 39
and 82% for dialysis pts. These results clearly demonstrate
the impact of developing AKI on pts’ outcome after cardiac
surgery, which justifies the continuous search for strategies,
interventions, and predictive scores to minimize such dismal
prognosis.
As the population is aging, nephrologists are dealing with
older pts with different comorbidities, requiring complex
medical procedures. Pts mean age was 60 years, and those
who developed AKI were older than those who did not
develop AKI in our study. Van Den Noortgate et al.17 carried
out a retrospective analysis of a population of pts with AKI
requiring dialysis post-cardiac surgery and concluded that
advanced age was not a risk factor for AKI. Furthermore, they
have suggested that age is not a contraindication for cardiac
surgical procedures in this population. However, different
authors3,16,18,19 have confirmed age as a risk factor for the
development of AKI following cardiac surgery, possibly
because of reduced renal filtration reserve and consequently
Table 4 | AKICS score
Risk factor Points
Combined surgery 3.7
CHF NYHA42 3.2
Pre-op Cr41.2 mg/dl 3.1
Low cardiac output 2.5
Age465 years old 2.3
CPB time4120 min 1.8
Pre-op capillary glucose4140 mg/dl 1.7
CVP414 cm H2O 1.7
Minimum score=0; maximum score=20.
AKICS, acute kidney injury prediction following elective cardiac surgery; CHF, chronic
heart failure; CPB, cardiopulmonary bypass; Cr, serum creatinine; CVP, central
venous pressure; NYHA, New York Heart Association; Pre-op, pre-operative.
Table 5 | AKI risk according to risk categories
Risk categories AKI categories (%)
0–4 1.5
4.1–8 4.3
8.1–12 9.1
12.1–16 21.8
16.1–20 62.5
AKI, acute kidney injury.
Table 6 | AKI patients in each risk category of developing data
set
Risk categories AKI patients (n)
0–4 1
4.1–8 3
8.1–12 4
12.1–16 13
16.1–20 45
AKI, acute kidney injury.
0−4.0 4.1−8.0 8.1−12 12.1−16 16.1−20
0
25
50
75
P = 0.803 
Predicted
Observed
 AKICS score
%
 A
KI
Figure 1 | AKICS score calibration of the developing data set.
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Figure 2 | Discrimination of AKICS score for the development of
AKI in the developing data set.
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Figure 3 | Discrimination of Higgins score for the development of
AKI.
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lower tolerance to hemodynamic and electrolytic alterations
usually observed after surgical procedures.
Diabetes is a known risk factor for development of AKI in
different clinical conditions. However, some authors believe
that diabetic pts may present higher incidence of AKI because
of the presence of several comorbidities.20 On the other hand,
diabetes alone may not influence the development of AKI,21
similarly as observed in our study. However, pre-op capillary
glucose levels above than 140 mg/dl have considerably
increased the risk for developing post-op AKI in our
population. Chertow et al.1 have only identified pre-op
diabetes as a risk factor for AKICS in the univariate analysis,
and did not include this variable in their final multivariate
analysis model. Mangano et al.3 found that diabetes was an
independent risk factor for post-op AKI, but they have
included only diabetes I pts in their sample. On the other
hand, Van Den Berghe et al.22 recently observed that control
of glycemic levels with insulin therapy following cardiovas-
cular surgery decreased the incidence of AKI requiring
dialysis. However, it has not been established if this strategy
may be beneficial when used preoperatively, as well as its
impact on the incidence of AKI.
Cardiac surgical procedures of valve repair (mitral or aortic),
previous cardiovascular surgery, and emergency surgeries have
been related to higher incidence of AKI.14,23,24 Our study has
not confirmed this hypothesis, as it was observed a similar
incidence of AKI for pts undergoing CABG or valve repair
surgeries. Previous cardiac surgery was not statistically sig-
nificant for AKI development post-cardiac surgery at univariate
analysis and emergency surgeries were excluded from the study.
However, combined surgery showed an odds ratio (3.37) to
develop AKI after surgery. In our multivariate analysis, this was
also an important risk factor for the development of AKI, which
confirms the findings of Thakar et al.12 who found an incidence
two times higher in AKI pts undergoing combined surgery (32
vs 16%). They have included this variable in their AKI
predicting score after open-heart surgery.6
One of the major risk factors for development of AKICS is
the presence of pre-op renal dysfunction. Incidence of
dialytic AKI may reach up to 20% in surgical pts with pre-
op Cr ranging from 2.0 to 4.0 mg/dl, and approximately 30%
in pts with pre-op Cr higher than 4.0 mg/dl.1,12,25 Our results
have confirmed these findings, since pts with pre-op
Cr41.2 mg/dl presented a two-fold chance to develop AKI
after surgery.
As renal dysfunction is an important risk factor for
development of AKI, post-cardiac surgery, pre-op, and post-
op cardiac dysfunction also significantly contribute to the
development of AKI.16,26 An approximately 33% of our pts
had CHF NYHA42, and 30% presented LVEF lower than
50% before surgery. Both variables had an impact on post-op
AKI incidence. These conditions may have contributed to the
development of renal ischemia in our pts, whose mean
pre-op ClCr was 68 ml/min, suggesting an important
interaction between renal and cardiovascular systems.
There is controversy regarding the role of cardio-
pulmonary bypass in the post-op renal dysfunction.
Off-pump myocardial revascularization surgery minimizes
activation of inflammatory cascade and cytokines release;
however, it is associated to greater intra-op hemodynamic
instability due to ventricular compression during cardiac
Table 7 | Clinical and demographic characteristics and
comorbidities of validation set
n (%)
Males 120 55.8
White 183 85.1
Clinical characteristics
Preoperative
CHF NYHAo2 147 68.4
CHF NYHA42 68 31.6
LVEF40.5 155 72
LVEFo0.5 60 28
Coronary cineangiography
Less than two coronary arteries with stenosis450% 105 48.9
More than two coronary arteries with stenosis450% 110 51.1
Intraoperative
Hemorrhage 81 37.6
Early postoperative
Low cardiac output 128 59.5
Comorbidities
Hypertension 160 74.4
Diabetes 68 31.6
Previous stroke 14 6.5
Peripheral vascular disease 8 3.7
Carotid murmur 16 7.4
Previous myocardial revascularization 13 6
Previous valve surgery 30 13.9
Surgery type
CABG only 117 54.5
Aortic valve surgery only 23 10.6
Mitral valve surgery only 32 14.9
CABG plus aortic or mitral valve surgery 23 10.6
Aortic plus mitral valve surgery 20 9.4
CABG, coronary artery bypass grafting; CHF, chronic heart failure; LVEF, left
ventricular ejection fraction; NYHA, New York Heart Association.
Values expressed as frequency (n) and percentage (%).
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Figure 4 | AKICS score calibration of the prospective validation
set.
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manipulation in the surgical procedure.27 However, some
randomized studies have observed lower renal tubular injury
in pts undergoing off-pump surgeries.28,29 Ascione et al.30
reported that the absence of CPB protects against variations in
post-op Cr levels in pts with prior renal dysfunction, but the
incidence of dialytic AKI was not different in the group of pts
undergoing on-pump myocardial revascularization. In con-
trast, Schwann et al.27 did not find a renal protective effect of
off-pump procedures in pts with normal pre-op renal
function. In a prospective analysis of 100 pts undergoing
cardiovascular surgery, Boldt et al.31 observed that CPB time
greater than 90 min increased the concentration of urinary
markers of renal tubular injury. In our study, CPB time greater
than 120 min was predictive of AKI, and this factor was
included in the final multivariate analysis logistic regression
model. However, our data do not allow comparison of AKI
incidence between groups with and without CPB because of
the high percentage of pts undergoing valve repair and
combined surgeries.
Karkouti et al.32 observed that severe intra-op hemodilu-
tion with hematocrit lower than 21% doubles the risk of AKI
requiring dialysis after surgery, probably as a result of the
lower oxygen supply to the renal medulla. Our data have
shown that the presence of CVP414 cm H2O in the early
follow-up in the ICU led to approximately a two-fold
increase in the odds to develop AKI, probably indicating
intra-op volume overload.
Use of prognostic scores in this specific population of pts
undergoing cardiac surgery has been studied by few authors.
Higgins et al.11 developed a specific prognostic score in a
population of pts submitted to CABG (coronary artery
bypass grafting) and combined surgeries only to evaluate
morbidity and mortality rates following cardiac surgery
because of the poor performance of general scores such as
APACHE II in this population. In our study, Higgins’s score
presented a reasonable discrimination performance for
development of AKI with AUC ROC of 0.70. This score has
four variables (age, Cr, CVP, and CPB) that were also
included in our final multivariate analysis model and
additionally, they were combined to other four variables
(capillary glycemia, low cardiac output, combined surgery,
and CHF) to develop our specific score, which presented a
better performance in the analysis of AUC ROC curve of 0.84.
Chertow et al.1 have developed a specific algorithm for
AKI after heart surgery, but their study population only
included males and pre-op variables. This algorithm was later
validated by Fortescue et al.13 in a population of male and
female pts. However, these pts were not severe enough and
they only underwent CABG and no complex cardiac surgical
procedures, such as combined surgeries. Specific prognostic
scores for AKI following heart surgery based only on pre-op
variables does not take into account the pt’s physiological
response to the surgical procedure and occurrence of adverse
events in the intra-op period, which might increase the risk
of AKI. Therefore, reevaluation at the time of pts admission
to the ICU complements pre-op risk stratification and allows
establishment of therapeutic strategies to minimize risk of
post-op complications. Our study has evaluated pre-op
variables (age, Cr, capillary glucose levels, CHF, and
combined surgery) in combination with intra-op CPB and
early post-op variables (low cardiac output and CVP).
Moreover, the prospective validation of the risk model was
carried out using the same inclusion and exclusion criteria of
the original sample. In this new data set, more pts with
AKI requiring dialysis was found (40 vs 18%). A good
discrimination analysis was again obtained, compared with
the score performance in the original sample (AUC 0.847 vs
0.843). Thakar et al.12 analyzed a database with 33 000 pts
undergoing cardiovascular surgery and developed a specific
prognostic score for AKI post-cardiac surgery. This score is
exclusively based on pre-op risk factors and was validated in a
sample extracted from the original population. Their ARF
score post-cardiac surgery presented good discrimination
with an area under the ROC curve of 0.81 and pts were
stratified according to four risk levels with a maximum AKI
risk of 22%. The AKICS score is stratified in five risk
categories with a maximum AKI risk of 62% (Table 5). This
important difference is probably accounted for the different
definitions of AKI utilized in both studies and inclusion of
intra-op and post-op risk factors in our score. We employed a
broad definition of AKI, increase of serum Cr42.0 mg/dl or
Table 8 | AKI patients in each risk category of validation data
set
Risk categories AKI patients (n)
0–4 1
4.1–8 1
8.1–12 5
12.1–16 8
16.1–20 15
AKI, acute kidney injury.
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Figure 5 | Discrimination of AKICS score for the development of
AKI in the prospective validation set.
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an increase of 50% over baseline Cr, allowing identification of
a larger number of AKI pts. Furthermore, it has been
demonstrated that small variations in renal function may
influence pts’ outcome after cardiothoracic surgery.6
One of the limitations of our study is that it was carried
out at a single center with a large number of surgeries, which
does not reflect the conditions of other smaller institutions,
since the clinical course of pts may be related to the number
of surgeries performed in each center.33 Certainly, the
proposed score should be validated at multiple centers to
substantiate its applicability. AKICS score is very simple,
based on available clinical parameters, which may facilitate
calculation and application in other institutions. Although
this score needs further validation, its application may allow
identification of high-risk pts of developing AKI in the post-
op period of cardiac surgery, which may at least improve
individual pt care.
Therefore, elaboration and validation of a specific
prognostic score for AKICS with clinical and laboratory
variables, which are easy to obtain in the daily clinical
practice, such as the AKICS score, may allow prevention of
post-op AKI and early institution of therapeutic interven-
tions in order to attenuate the impact of AKI on the short-
and long-term prognoses of cardiac surgery pts.
MATERIALS AND METHODS
From July/2003 to July/2005, 603 pts undergoing elective CABG
surgery, valve replacement, or both at the Heart Institute, University
of Sa˜o Paulo, Brazil were studied. Pts were evaluated by a single
observer 24 h before surgery, to assess pre-op variables, at ICU
admission, for assessment of intra- and post-op variables, and then
pts were followed until post-op day 7 to identify AKI cases. All pts
were followed until hospital discharge or death.
Inclusion criteria were the following: male and female pts; 18–90
years of age, undergoing elective CABG, valve replacement, or both.
Exclusion criteria were the following: pts under 18 years or over
90 years of age, emergency surgeries, congenital heart disease repair,
aorta aneurysm, pts with Cr levels greater than 3.0 mg/dl in the pre-
op period, and renal transplant pts.
The study was approved by the Heart Institute local Ethics
Committee, and an informed consent was not considered necessary
because of the observational nature of the study.
Definitions
AKI was defined as an increase of Cr levels above than 2.0 mg/dl in
pts with baseline Cr lower than 1.5 mg/dl. Pts with baseline Cr
between 1.5 and 3.0 mg/dl, AKI was defined as a Cr increase of 50%
over the baseline value. Baseline Cr was defined as the last Cr
measurement before hospitalization or the first Cr measurement
during hospitalization.
The following variables were analyzed as possible predictors for
development of AKI and inclusion in the final prognostic
stratification model:
Pre-op variables—gender, age, race, body mass index, CHF
(according to NYHA criteria), hypertension and diabetes mellitus
(use of oral glucose-lowering agents or insulin), stroke, previous
heart surgery, LVEF (echocardiography), serum Cr, estimated CrCl
(Cockcroft–Gault equation), and capillary glucose.
Intra-op variables—time of CPB, intra-op fluid balance, and
hemorrhage (defined as return to operating room for surgical
hemostasis up to 24 h post-op or transfusion of three or more units
of packed red cells during surgery or within 24 h post-op).
Early post-op variables—CVP, low cardiac output (defined as the
need of at least three vasoactive drugs or hemodynamic support
with intra-aortic balloon pump within 48 h after surgery), and
serum arterial bicarbonate.
Higgins score was applied at the pt’s admission to ICU for
estimation of risk of morbidity and mortality. The following
variables were collected: age over 70 years, body surface area,
previous heart surgery, history of angioplasty or surgery for
peripheral vascular disease, pre-op Cr41.9 mg/dl, pre-op albumin
o3.5 mg/dl, CPB time4160 min, use of intra-aortic balloon pump,
O2 alveolar-arterial gradient4250 mmHg, heart rate4100 beats/
min, cardiac indexo 2.1 ml.min/m2, CVP417 cm H2O and arterial
bicarbonate o 21 mmol/l.11
Score validation
The prognostic score determined in the developing sample was
applied at ICU admission after heart surgery in a new sample of 215
pts during the period of September 2005–July 2006, for a prospective
validation of the risk model. The inclusion and exclusion criteria of
the original sample were used and data were collected at the same
institution by the same observer.
Statistical analysis
Univariate analysis was carried out for pts demographics data and
multivariate analysis by logistic regression was used to obtain the
risk factors for AKI. Continuous variables were expressed as
mean7s.d. and analyzed by unpaired Student’s t-test, using Welch’s
adjustment, whenever required. Non-parametric variables were
expressed as median and 25–75 percentiles and analyzed by
Mann–Whitney’s test. Categorical variables were expressed as
absolute (n) and relative (%) frequency, and were analyzed by
Pearson’s 2-test or Fisher’s exact test, whenever appropriate. In the
multivariate analysis, results were expressed by the odds ratio and
the 95% confidence interval.
For the development of the final logistic regression model,
continuous variables were categorized according to the inflection
point on ROC curve and categorical variables underwent to w2 test.
Variables with Pp0.10 were chosen and introduced as candidates
for the final logistic model. Variables with similar function, for
example, Cr and ClCr, or CHF and LVEF, were chosen by likelihood
ratio test, favoring those with higher statistical value. Variables
determined by logistic regression underwent probitic regression to
calculate the weight of each variable in the prognostic score based on
the probitic coefficient of each variable. The final score was
submitted to Hosmer–Lemeshow goodness-of-fit test for calibration
and by analysis of the area under the ROC curve for discrimination.
A non-paired t-test was used to compare the performance between
AUC ROC of Higgins and AKICS scores. Significant level was
considered with Po0.05. Statistical analysis was carried out by SPSS
10.0 and SYSTAT 10.0 statistical programs.
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